Summary Protein kinases play a key role in intracellular signalling, participating at multiple levels along the transduction cascades that tnrgger mitogenic response. Because protein kinases are involved in mitogenic pathways, they are likely to play a role in the abnormal proliferation of malignant cells. In this study we compared activity of mitogen-activated protein (MAP) kinase and several renaturable kinases in homogenates of 30 surgically resected colorectal cancers and their adjacent normal tissues. Using sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) and membrane autophosphorylation assay on homogenates obtained from normal colon mucosa and adenocarcinoma. we identified at least four renaturable kinases (50, 55. 85, 200 kDa). Compared with adjacent tissue, in most of the cancer samples only the 85-kDa kinase exhibited a higher level of autophosphorylation activity than those in normal matched tissue (P < 0.001). Moreover, the 85-kDa kinase from nearly all cancer homogenates showed faster electrophoretic mobility than the 85-kDa kinase from normal tissue homogenates. Interestingly, the 50-kDa kinase had significantly lower autophosphorylation activity in cancer tissues than those of normal tissue (P < 0.05). To assess p42-p44 MAP kinase activity, proteins were immunoprecipitated from adjacent colon mucosa and adenocarcinoma with anti-extracellular signal-related kinase (ERK) 1/2 antibodies, and MAP kinase activity was measured using MBP as a substrate. These studies revealed that MAP kinase activity in colorectal cancer was significantly higher (P < 0.001) than that in adjacent mucosa. Thus, the constitutive activity of MAP kinase and autophosphorylation activity of 85-kDa kinase are increased. whereas the autophosphorylation activity of another kinase, 50 (Lexitzki. 19961. We haxe previously identified an 85-kDa cytokine-inducible serine/threomnne kinase (Rachie et al. 1993) . In cell cultures. 85-kDa kinase is induced in response to treatment with a number of a-ents. including interleukin I a (IL-I a ). lipopolysaccharide (LPS) and interferon y (WIFN-y). The 85-kDa kinase is also acti-ated in the lung. kidnev. brain. liver and heart after systemic administration of IL-1,B. epidermal groxth factor (EGF) and phorbol ester (PMA) in mice (Ostrowxski et al. 1998). In HeLa cells 85-kDa kinase is exclusivelx nuclear. whereas in other cell tvpes it x-as found both in cvtosol and nuclei. The size and properties of the 85-kDa kinase are xer-similar to the renaturable senrne/threonine kinase (RING3) Recefved 30 December 1997 Revised 15 March 1998 Accepted 19 July 1998 Correspondence to: J Ostrowski kinase (Denis et al. 1996) . suggesting that thev are the same or related enzN-mes. Althouah the role of 85-kDaIRI,NG3 kinasel s ) is unclear. its activation bv growth factors mirht reflect the inxolxement of this enzvme in cellular proliferation.
Protein k.inases play a pixotal role in intracellular signal transduction. participating at multiple lexels along the transduction cascades. Growth factor-and cvtokine-responsixve protein kinases are in olx ed in cell cN cle control. cell proliferation and differentiation (Hills et al. 1995.) It is thought that a X arietv of proliferatix e disorders. such as cancer. might reflect abnormalities in sianal transduction (Lexitzki. 19961. We haxe previously identified an 85-kDa cytokine-inducible serine/threomnne kinase (Rachie et al. 1993) . In cell cultures. 85-kDa kinase is induced in response to treatment with a number of a-ents. including interleukin I a (IL-I a ). lipopolysaccharide (LPS) and interferon y (WIFN-y). The 85-kDa kinase is also acti-ated in the lung. kidnev. brain. liver and heart after systemic administration of IL-1,B. epidermal groxth factor (EGF) and phorbol ester (PMA) in mice (Ostrowxski et al. 1998) . In HeLa cells 85-kDa kinase is exclusivelx nuclear. whereas in other cell tvpes it x-as found both in cvtosol and nuclei. The size and properties of the 85-kDa kinase are xer-similar to the renaturable senrne/threonine kinase (RING3) Recefved 30 December 1997 Revised 15 March 1998 Accepted 19 July 1998 Correspondence to: J Ostrowski kinase (Denis et al. 1996) . suggesting that thev are the same or related enzN-mes. Althouah the role of 85-kDaIRI,NG3 kinasel s ) is unclear. its activation bv growth factors mirht reflect the inxolxement of this enzvme in cellular proliferation.
The extracellular sigrnal-regulated kinase (ERKI cascade is one of the three homologous mammalian mitoren-actixated protein kinase (MAPK) cascades found in eukarx otic cells (Pelech et al. 1992 : -Nishida et al. 1993 : Marshall. 1994 : Hunter. 1995 : Treisman. 1996 . The MAPK cascade plays a prominent role in sirnallinc pathw-avs that regulate cell proliferation and differentiation. The MAPK pathwaN is trtroered by the surface receptor. : Hills. 1995 : Denhardt. 1996 : Whitmarsh et al. 1996 : Hen et al. 1997 : Madden et al. 1997 .
To gain insight into the potential role of 85-kDa and MAP kinase autophosphory lates on serine and threonine residues 4-200kDa (Rachie et al. 1993) . Figure 1 illustrates (Rodrigues et al. 1994; Cance et al, 1995) . Surprisingly. very few studies have examined kinase activities in intact organs or cancer tissues. Adenocarcinoma of the colon is one of the most common malignancies today (Boring et al, 1991) but very little is known about the role of protein kinases in this malignant disease. The only protein kinase studies in adenocarcinoma of the colon that have been carried out to date examined activity of PKC, which was found to be decreased in this tumour compared with normnal tissue (Kopp et al. 1991; Kusunoki et al. 1992; Pongacz et al. 1995) . Because of the small amount of information that exists about kinases in the adenocarcinoma of the colon. in this study we chose to examine activities of MAP kinase and renaturable kinases in this tumour.
Based primarily on studies performed in cultured cells, the MAPK cascade is thought to be involved in growth factor-induced cell proliferation (Seger et al. 1995) . As such. this cascade might also be involved in the pathogenesis of malignant processes. Growth factor-triggered activation of MAPK is achieved through the engagement of Ras and a serial activation of Raf kinase and MEK. Activation of MEK allows this enzyme to phosphorylate and activate MAPK. Activated MAPK has many targets. both in the cytoplasm and the nucleus, including several transcription factors that presumably mediate the MAPK-mediated mitogenic response. Here we have demonstrated that in nearly each one of the 30 patients MAPK activity was higher in homogenates prepared from colon cancer tissue than the normal adjacent mucosa. This observation is in agreement with other studies in which MAPK activity was shown to be higher in human renal cell carcinoma (Oka et al, 1995) , prostate cancer (Magi-Galluzzi et al. 1997 ) and a subset of acute. but not chronic myelogenous. leukaemia (Towatari et al. 1997) . The increased constitutive activity of MAPK found in adenocarcinoma of the colon ( Figure  2 ) and other cancers (Magi-Galluzzi et al. 1997 : Towatari et al. 1997 . in conjunction with cell culture studies implicating MAPK in the mitogenic responses (Seger et al. 1995) . may reflect a role of the MAPK cascade in the generation of the malignant process.
The 85-kDa renaturable kinase is a newly identified enzyme that in some cell types is exclusively nuclear (Denis et al. 1996) . The 85-kDa kinase is activated in response to treatment of cells with a myriad of growth factors and cytokines. For example. the 85-kDa autokinase activity in the nucleus is increased after treatment of the EL4 thymoma cells or 70Z/3 the pre-B cells with IL-t. LPS and IFN-y (Rachie et al. 1993) . Systemic administration of EGF. PMA or LL-l1, into mice increases the autophosphorylation activity of the 85-kDa kinase in multiple organs, including lung. kidney. liver and heart (Ostrowski et al. 1998) . Importantly, the 85-kDa autokinase activity is extremely high in leucocytes of patients with various types of chronic and acute leukaemia. In one patient tested the 85-kDa autokinase activity was greatly diminished following remission of acute leukaemia.
Recently. a cDNA encoding an 83-kDa renaturable. senrne/ threonine kinase (RING3) was characterized in HeLa cells. RING3 kinase was found to be stimulated by the treatment of cell cultures with a number of agents. including IL-1. serum. mitogenic lectins (Denis et al. 1996) . In HeLa cells RING3 kinase is exclusively nuclear. and. like 85-kDa kinase. it reveals autophosphorylation activity after protein denaturation and renaturation on the membrane. Anti-R[NG3 antibodies immunoprecipited an 85-kDa autokinase activity from colorectal cancer and adjacent mucosa as well as from the mice lung and brain (Ostrowski et al. 1998) . suggesting that 85-kDa and RING3 kinases are the same or related enzymes.
Our studies showed that in nearly each one of the 30 patients the 85-kDa autokinase activity was higher than in the matched normal tissue. However, the most consistent observation was the faster electrophoretic mobility of the 85-kDa kinase derived from the tumours. Both of the observations. therefore, demonstrate that this enzyme is altered in adenocarcinoma of the colon. Because this kinase is responsive to growth factors (Rachie et al. 1993 : Ostrowski et al. 1998 ). is extremely active in leukaemic cells (Denis et al. 1996 ; our unpublished observations) and is constitutively activated in colon cancer (Figures 1 and 3) . it may be involved in the neoplastic processes.
We also found that the autophosphorylation activity of one of the renaturable kinases. 50-kDa kinase. in colon cancer was lower than in the normal adjacent tissue. The significance of this obserBritish Journal of Cancer (1998) 78(10), 1301-1306 vation is not clear but is similar to the observation that PKC activity is lower in colorectal adenomas and adenocarcinomas (Kopp et al, 1991; Kusunoki et al, 1992; Pongacz et al, 1995) , as well as in liver cancer compared with normal tissue in those organs (Chang et al, 1996) . In summary, this study demonstrates that the constitutive activities of MAPK and autophosphorylation activity of 85-kDa kinase are increased, whereas the autophosphorylation activity of another kinase, 50 kDa, is decreased in adenocarcinoma of the colon. These observations suggest that the signal transduction processes in the neoplastic cells are greatly altered, although none of the studied kinase activities could serve as prognostic indicators. Whether the altered activity of MAPK, 85-and 50-kDa kinases reflects involvement of these enzymes in the neoplastic process or whether they represent associated phenomena is a key issue that needs to be explored in order to better understand the pathogenesis of this and other cancers.
